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Abstract : Performance deterioration o f  a microwave communication link situated between Panihati and Cossipore located in Indian eastern 
sector and operating at 13.059 GHz during monsoon months. July-August 2(K)2, has been tested. The link suffers substantial attenuation due to 
rain. The communication link belonging to an operational agency was monitored and rain rale measurements were carried out on twenty four-hour 
basis by a fast response rain gauge. It was seen that the radio signal is characterized with a steady signal level o f -4 2  to 44 dBm with fade o f  1 to 2 
dB under non-precipitation situation. It has been seen that audio service o f  the link is affected when the signal level was < -6 9  dBm. The link does 
not serve the purpose at all when the signal level is < -7 5  dBm. The cumulative distribution function (CDF) o f the signal levels, attenuation values 
and rain rates have been derived. The results arc discussed to indicate the performance o f the communication link. Some techniques to provide 
extra gain in the radio system have also been suggested.
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1. Introduction
The demand of the requirement of more channels in radio 
communication systems has been growing in recent years. 
Since there is congestion in UHF and lower region of 
microwave bands, it has become necessary to go for 
higher and higher frequency above 10 GHz [1,2]. Radio 
waves in microwave and millimeter wave frequency band 
arc subjected to several phenomena such as absorption, 
scattering, depolarisation e/c, during their propagation 
through rain [3~7]. There is still paucity of the measured 
results on rain attenuation of radio wave in the tropical 
regions, in India. Recently, systematic simultaneous 
monitoring of communication links (having different path 
length) belonging to different operational agencies at 13 
GHz and 18 GHz and measurements of rain rate were 
undertaken in Indian eastern sector and some useful 
results on attenuation were derived [8,9]. The monitoring 
work of the link operating at 18 GHz between Sonarpur 
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and Jadavpur having path length -8 km was carried out 
during July-August 2(K)0 [9]. Another link operating at 
13 GHz between Belur Moth and Tirriti Bazar of path 
length -6.5 km was monitored during July-August 2001
[8]. The third link also operating at 13 GHz but having 
different path length between Panihati and Cossipore was 
monitored during July-August 2002.
A fast response rain gauge having integration time of 
10 sec was also put on operation to measure the rain 
intensity on continues basis. It has been seen that the 
signal level is characterized with a steady signal with a 
level of —42 to —44 dBm with a fade from 1 to 2 dB 
under clear air conditions. The communication link used 
to exhibit substantial loss of signal during rainy condition. 
The analysis of the experimental results on signal levels 
and rain rates has yielded the percentage of time for 
which the communication link does not serve the purpose 
under rainy conditions during monsoon months, July and 
August, over the Kolkata region.
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2. Source of data
A strip chart recorder recorded the signal level o f the 
radio communication link between Panihati and Cossipore. 
The carrier intensity measurem ents were made on twenty- 
four hour basis during July-August 2002. The transm itter 
is situated at Panihati while the receiver is situated at a 
distance o f 8.31 km at Cossipore. The transm itter pow er 
is 30 dBm and the receiver threshold is —84 dBm. The 
signal has vertical polarization.
The rain m easurements in terms o f  rain intensity in 
mm/hr were carried out at a place, very near to the 
receiving end o f the radio system over Kolkata during 
July-August 2002 by a fast response rain gauge having 
integration time ~10 seconds. The probability distribution 
of the rain rate has been derived from  the rain rate 
measurements o f all the rain events taken place during 
July-August 2002. It would have been more useful if we 
could have installed few more rain gauges along the path 
o f the radio system. But it is very difficult to do so 
because lots o f infrastructure facilities is required for 
such purpose. M oreover, the long -te rm  p rob ab ility  
distribution o f rain rate has been established. If long term 
probability distributions o f rain rate are estim ated from 
rain rate measurements over different locations in a region, 
we find that there is not much variation (with in 5% ) in 
probability distribution o f rain rate from  one location to 
another location. But, if case (rain event) by ca.se (rain 
event) over different locations is taken then there exist 
some differences. The rain gauge is a m icroprocessor- 
based system [8,9]. It m easures rain rate autom atically. 
The program controls the sam pling, storing and printing 
of the data o f  rain rate. The rain w ater is collected in a 
collector and converted into approxim ately equal size 
drops. The num ber o f  drops for 10 sec tim e period is 
counted electronically. The counts are then converted into 
rainfall rate and given in m m /hr [8,9]. ■
3. Results and discussion
The fast response rain gauge has been used to obtain 
rainfall rate and correlate them  with variations in signal 
attenuation. There were several rain events occurred during 
the course o f rain m easurem ents over Kolkata during 
July-August 2002. D ifferent rain event was characterized 
with different variation o f  rain rate. The m inim um  rain 
rate was recorded with fast response was -3  m m /hr while 
the maximum rain rate was around -1 6 0  mm/hr. The 
cum ulative distribution o f  rain rate, which has been 
obtained from several rain events occurring during July- 
A ugust 2002, is presented in F igure 1. It is seen that the 
rain rate -2 0  m m /hr exceeds for 50%  o f  the tim e and 
rain rate -5 8  m m /hr exceeds for 5%  o f  tim e. The
F igure 1. Probability distribution o f  rain rate during July-August 2002  over 
Kolkata.
m axim um  rain rate obtained was ~160 m m /hr during thi.s 
period.
The radio signal variation m easured during differeni 
rainy conditions in Ju ly-A ugust 2002 over Panihati- 
Cassipore com m unication link is presented in Figures 2-5.
Figure 2. Typical signal level variation over Panihati-Cosaipore link under 
varied rainy conditions.
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M ic r o w a v e  link o n  J u ly  1, 2 0 0 2  a t  K o lk a ta July 18, 2002, Cossipore-Panihati, Kolkata
July 2, 2002, Cossipore-Panihati, Kolkata
Figure 3. Typical signal level vanation over Panihati-Cossipore link under 
varied rainy conditions.
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Figure 5. Typical signal level variation over Panihali-Cossipore link under 
varied rainy conditions.
It is seen that the radio signal exhibits slow  and rapid 
am plitude variations. It is observed that the m axim um  
attenuation varies from  8 dB to 35 dB. T he cum ulative 
distribution o f  the signal level has also been obtained for 
the rain events. It is seen from  all such m easurem ents 
that the signal level varies from  —42 dB m  to —82 dB m . 
The probability distribution o f  signal level is p resented  in 
Figure 6. The signal level around —47 dB m  exceeds for
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Figure  6, Probability distribution o f signal level deduced from  am plitude
variation measureinents.
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50%  o f the time in July-August 2002. The perform ance 
of the link in relation to audio service starts deteriorating 
when the signal level is around < —69 dBm. It has been 
reported that the link does not serve the purpose al all 
when the signal level ^  —74 dBm. It has been seen that 
the signal level -6 9  dBm exceeds for around 95% o f the 
tim e during July-August 2002. It is estim ated that for 
5% of the time during July-A ugust 2002, the link had 
deteriorated performance. The signal level —69 dBm  was 
found to be associated with a rain rate around —58 m m / 
hr. The cum ulative distribution o f attenuation during July- 
August 2002 is presented in Figure 7. The attenuation
Figure 7. Probability distribution of attenuation results at 13 GHz.
results have been deduced from the difference o f the 
norm al signal level from -4 2  to 44 dBm  and the 
instantaneous signal level in dBm  affected by rain. The 
derived attenuation is -25  dB when the signal level is 
-6 9  dBm. Though the link receiver has threshold level o f 
-  -8 4  dBm, the link perform ance starts deteriorating 
(audio service becom es problem atic) when the signal 
level is equal or less than -6 9  dBm. It means that the 
threshold o f  -8 4  dBm is right kind o f threshold o f  the 
system to work properly under clear air conditions. During 
rain, -6 9  dBm  should be taken as the threshold level 
for the radio system. It indicates that if  the attenuation is 
greater than 25 dB, the link perform ance becom es 
unsatisfactory. It is seen in Figure 7 that the attenuation 
exceeds 25 dB for 5% o f  the tim e in July-A ugust 2002. 
This indicates that the com m unication link did not serve 
the purpose for 5%  o f tim e in July-A ugust 2002. It is 
revealed from the rain rate distribution (Figure 1) that 
the attenuation level ^  25 dB correspond to a rain rate 
^  58 mm/hr. The attenuation level around -3 0  dB is 
found to occur for 1% o f tim e while the rain rate is ^
90 m m /hr is found to exceed for 1% o f tim e during 
July-A ugust 2(K)2.
It has been seen th a t the p e rfo rm an ce  o f  the 
com m unication link betw een Panihati-C ossipore does not 
serve the purpose for 5%  o f the tim e during July-A ugust 
2002, due to rain. In order to get 99,99%  service o f the 
com m unication link, extra gain around 12 to  15 dB is to 
be provided to the radio system . In order to have an 
extra gain o f such order, the radio system  is to  be filled 
with low noise am plifier (LN A ). The extra gain at the 
antenna is achieved by deploying a LNA with the antenna. 
In the m icrow ave com m unication engineering, it is an 
established practice to deploy low noi.se am plifier ol 
different sensitivity to boost o f the weak signal. These 
are not a part o f  initial design consideration. These are 
dep loyed  afte r the rev iew  o f  the p erfo rm an ce  for 
significant period o f tim e and constitute one o f  the 
remedial m easures. User organizations in Indian telecoin 
sector in southern and northern India have deployed 
LNA’s in various paths. The other option is by increasing 
the pow er o f  transm itter o f  the radio system . But the 
increase o f pow er is not cost effective and there is 
engineering problem  as well, once the design aspect ot 
the link is com pleted.
4. C onclusion
The Panihati-C ossipore com m unication link operating at 
13 G H z did not serve the purpose for 5%  o f tim e during 
July-A ugust 2002 due to rain. It has been observed that 
when the rain rate is equal o r more than -5 8  m m/hr, the 
signal level is equal o r less than —69 dB m  and 
com m unication link suffers attenuation > 25 dB. The 
com m unication link can provide satisfactory service for 
99.99%  o f the tim e during m onsoon period which is 
considered to be w orst the m onths in K olkata if  an extra 
gain around 12 to 15 dB is provided in the radio system. 
Such extra gain is possible by deploying a suitable LNA 
with the antenna.
These results can be utilized for further establishm ent 
o f  the links affected by rain over this part o f  our 
country.
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